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Sequential System Failure after Rupture of Abdominal Aortic
Aneurysms:

An Unsolved Problem in Postoperative Care

NICHOLAS L. TILNEY, M.D.,* GEORGE L. BAILEY, M.D.,**
ALFRED P. MORGAN, M.D.***

CERTAIN COMBINATIONS of disease and trauma form
lethal syndromes. Components of those syndromes,

taken individually, can often be treated effectively, but
when they occur together, therapy is unsuccessful. One
of these combinations is acute renal failure and the
otherwise successful surgical treatment of a ruptured
aortic aneurysm. An example of particular interest, it is
a worse-case challenge to present-day technics of post-
operative care.
The mortality of ruptured abdominal aneurysm alone

is 32%-85% for patients who live to reach the operating
room. Some of these deaths occur during the operative
and early postoperative periods in those individuals
who are not completely resuscitated. Others go on to a
phase of apparent stability. At this time, typically the
first or second postoperative day, blood volume has been
restored and hemostasis accomplished. The patient may
have good cerebral and cardiovascular function and
breathe spontaneously without assistance. Most pa-
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tients reaching this point will survive, though subject
to the ordinary vicissitudes of recovery from major

operation. For one sub-group, those with fixed renal
failure, survival is exceptional.

Alone, the mortality of uncomplicated renal failure is
small, approaching the risk of chronic hemodialysis.
This has been reported as only 3% when the under-
lying condition is "slight or cured."' The hazard of rup-

tured abdominal aortic aneurysm, and acute renal fail-
ure together is greater than the sum of their risks taken
singly. Almost all patients subjected to this combina-
tion will experience progressive, sequential, organ sys-

tem failure and eventually succumb. Our experience
with patients in this category is reported to demonstrate
the need for a more effective approach to their therapy,
and in its absence, as an aid to judgment in the difficult
balancing of expenditure of medical resources against
probable gain to the patient.

Clinical Material

Patient Selection

This series includes all patients treated by hemodialy-
sis for postoperative acute renal failure after rupture
of an abdominal aneurysm during the past 15 years.
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TABLE 1. Occuirretnce of Unfavorable Prognostic Factors in 18 Patients

with Acutte Renal Failutre after Rutptutred A bdominal Aneuirysnm

Nulmber Per Cent

Pre-existing Systemaic Disease
Chronic pulmnouary insLifficieuicy 9 50%
Heart disease 14 78

Infarct by history or EIKG 11
Congestive failtire 2
Arrhythmia I

Hypertensioni 10 56
Obesity 6 33

Intraoperative ez!ents
Hypotension ( <80( mm. Hg) 16 80
Cardiac arrest 4 22

Patients who did not survive for 5 postoperative days
were excluded to eliminate those for whom operative
resuscitation was unsuccessful. Clinical information has
been taken from hospital and intensive care records;
the authors participated in the care of the majority.

Composition of the Series
Eighteen patients meeting this description were fotund

in the records of the Peter Bent Brigham Hospital
for the 15-year period ending January 1, 1971. Only
one patient survived. Fifteen (84%) were men, and three
were (16%) women. Mean age of men wvas 63 years, of
women 76 years. Five patients had been transferred
postoperatively from other hospitals. For the majority,
a number of factors correlating with increased risk were
recognized preoperatively or occurred during opera-
tion. As shown in Table 1, 16 patients were hypotensive
(svstolic pressure less than 80 mm. Hg at some time).
Cardiac arrest occturred during operation in four and a
thoracotomy was performed in three of these patients.
Ten patients underwent a second operative procedure
of some sort at some time, exclusive of arteriovenous
shunt insertion (Table 2). Seventeen patients died; the
mortality thus exceeded 90%. The mean time to death
was 18 postoperative days (range 5-48).

Analysis of Data
The objective in reviewing the clinical record was to

learn at what time during the course, failure of an

TABiL 2. Surgical Procedutres after Aneuirys miectomiiy

Procedure Nutimber
Femoral Embolectomy 4
Laparotomy for Bleeding 2
Femoral Vein 1Ligation I
Pyloroplasty, Vagotomy I
Sigmoid Resection I
Insertion of Pacemaker 1
Tracheostomy 12
Arteriovenotus Shuniit 18

organ or organ system was first observed. Evidence was
obtained from records of laboratory data, bedside ob-
servation, or the initiation of therapy in support of a
particular system. Criteria defining failure were neces-
sarily specific to the organ or system. For the pancreas it
was serum amvlase levels twice normal (beyond the
expected renal failure range). Pulmonary failure was
defined as need for mechanical ventilation. Liver failure
was defined as observation of clinical jaundice (or serum
bilirubini greater than 3 mg./100 ml.). Failure of the ceni-
tral nervous system (CNS) was defined as failure to
respond to other than painful stimuli. Failure of the
gastrointestinal tract was equated to bleeding that re-
quired transfusion. Gross blood from the nasogastric
tube distinguished failure of the upper GI tract, bright
red blood from the rectum signified failure of the lower
tract. Cardiac failure was established either by hypo-
tension with elevated right atrial pressure, an arrhythmia
compromising cardiac output, or electrocardiographic
evidence of mvocardial infarction.
An effort was also made to assignl an immediate cause

of death by combining data from autopsy and clinical
records. Though subject to judgment, for most of the
patients this determination wvas made without difficultv.

Treatment

A maximum and concentrated therapeutic effort was
made for every patient. Details of management varied
over the period covered by the review. Antibiotic agents
of increased effectiveness became available during
this time (but have been matched by an increased fre-
quency of significant infection by previously commensal
organisms). Pressure cycled ventilators were replaced
by volume limited machines. The incidence of trache-
ostomy decreased, and the use of arterial and central
venous monitoring catheters became uniiversal. The prin-
ciples underlying use of dialysis have been little changed.
Thev are early and frequent hemodialysis (4-6 hours
every second day; maximum flow consistent with hemo-
dynamic stability). Recently, the use of parenteral
nutrition has slowed the rate of increase of blood urea
and potassium concentration during intervals between
dialyses, but the same treatment schedule is maintained
in order to palliate the other components of the uremic
syndrome: CNS depression, interference with wound
healing, and inicreased susceptibility to infection.

Results

Although 17 of the 18 patients died, there was a wide
distribution of survival times. One died on the 5th post-
operative day, one on the 48th; the remaining 15 deaths
occurred between these extremes. Despite these differ-
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ences, a similar progression of organ system failure was

observed in all. The sequence unfolded more slowly
in patients who survived longer, and developed quickly
in those surviving for shorter periods, but most patients
developed all components of the pattern in approximately
the same order before death occurred. This is shown
in Figure 1 where the onset of organ system failure for
all patients is compared on a common time scale. There
was some variation from patient to patient in the manner

of presentation and pathophysiology of specific organ

system failure, as follows.

Central Nervous Stystem

Some form of major neurologic abnormality was re-

corded in all patients but one. The commonest was coma,

occurring in 11. It was manifested by lack of re-

sponse to all but painful stimuli or to tracheal stimula-
tion but without localizing signs or primitive reflexes.
Five patients experienced six episodes that were marked
by focal neurologic findings; three occurred early and
were probably caused by local ischemia or low-flow
thrombosis during the shock period. Three episodes
occurred terminally.

SEQUENTIAL SYSTEM FAILURE:
17 PATIENTS WITH RENAL FAILURE

AFTER RUPTURED ABDOMINAL ANEURYSM

F.-MEAN POSTOPERArIVE SURWVAL
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FIG. 1. The order of appearance of organ system failure is shown
by normalizing survival time for each patient to mean duration of
survival for the group.

Lungs
Respiratory failure which occurred in all of these

patients was the leading cause of death (Table 3). All
patients who died required mechanical ventilation be-
fore death. Contributory causes to impairment of pul-
inonary function, such as hepatic failure, tended to
follow a pattern of early appearance, apparent im-
provement, and then secondary progressive failure.
Morphologic changes at autopsy were extensive and
nonspecific. Lungs were heavy; microscopically there
was bronchopneumonia, interstitial edema, alveolar hem-
orrhage and hyaline membrane formation. Organisms
were grown from all postmortem cultures, Pseudomonas
or EscherichiaL coli from the majority, a mixed group
of Gram-negative enteric organisms from the remainder,
but in only one patient was there major tissue reac-

tion to infection. None had significant pulmonary emboli.

Heart

It is accepted that an arteriosclerotic abdominal aortic
aneurysm is a late manifestation of generalized cardio-
vascular disease, attested to by the presence of an old,
healed myocardial infarction in more than half of these
patients and by occurrence of a new infarct during the
postoperative period in three. All occurred during the
second postoperative week. Four other patients experi-
enced significant arrhythmias requiring treatment by
cardioversion, pacemaker, or drugs. Autopsy showed ex-

tensive coronary artery disease in all patients; uremic
pericarditis was found in two.

Liver
All patients were jaundiced, chemically or clinically.

Bilirubin and enzyme levels followed a characteristic
pattern: early, transient elevation of hepatocellular en-
zymes, a later and more or less steady increase in bili-
rubin to very high levels (Fig. 2). Histologic changes
were correspondingly severe-centrilobular necrosis, sig-
nificant bile stasis, congestion and lipid infiltration.
There was one instance of ductal obstruction by pan-
creatitis, one of multiple septic infarcts.

Pancreas
Fulminent pancreatitis was recognized early (on the

second postoperative day) in two instances but could
be seen retrospectively to have occurred in a total of
nine patients, in whom severe pancreatitis was found
at autopsy, and could be correlated with antemor-
tem amylase elevation and a plasma requirement. Pan-

TABLIE- 3. Proximate Causes of Death (17 Patients)

Primary Secondary Total

Respiratory Failure 9 4 13
Septicemia 3 7 10
Gastrointestinal Hemorrhage 1 1 2
Acute Pancreatitis 2 1 3
Cardiac Failure 2 2
Uremia 1 1
Multiple Factors 2 1 3
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tions were recognized prior to death: major upper gas-
trointestinal hemorrhage in eight patients (one died of
recurrent bleeding after pyloroplasty and vagotomy);
massive bleeding from the colon in two, sigmoid perfora-
tion in one. At autopsy previously unrecognized necro-
sis and perforation of the sigmoid was present in two
patients, some degree of gastric erosion and ulceration
was recognized in all.

TOTAL Kidneys
I1LIRUBIN

FIG. 2. The characteristic evolution of plasma enzyme and bilirubin
levels as seen in one patient.

creatitis was hemorrhagic and necrotizing in four, in
three there was inflammation, edema, and fat necrosis.

Gastrointestinal Tract

Gastrointestinal complications occurred late in these
patients (Fig. 1) but were seen in all. Some complica-

I PREOPERATIVE FACTORS

AGE; OBESITY; PREEXISTING CARDIOVASCULAR, PULMONARY, RENAL DISEASE

HYPOTENSION]
LOW FLOW

IL SHOCK AND
RESUSCITATION: VASOPRESSORS

IZ BYPRODUCTS |STRESS ,'STARVATION|

v TREATMENT FACTORS

SECONDARY OPERATIONS, TRACHEOSTOMY, MECHANICAL
VENTILATION, OXYGEN TOXICITY, ANTIBIOTICS, DIALYSIS

FIG. 3. How one occurrence leads to another: some of the patho-
physiologic mechanisms interrelating system failure. Preoperative
factors, and those associated with shock and resuscitation (I-II)
are established at the beginning of the postoperative course.

Autopsy demonstrated bilateral acute tubular necrosis
superimposed on varying degrees of nephrosclerosis
in most of the patients. There were several exceptions:
bilateral cortical necrosis in one patient, in two examina-
tions cortical necrosis was found in one kidney, tubular
necrosis in the other. One case emphasized a clinical
principle, the importance of demonstrating bilateral pat-
ency of the ureters. A clear lower tract was shown by
retrograde pyelography of the left kidney but the right
ureteral orifice could not be intubated in this individual.
Autopsy revealed renal infarction on the left, with ure-
teral ligation and hydronephrosis on the right.

Discussion

The question presented by these patients is familiar
and fundamental: how do a number of physiologic li-
abilities, each in itself potentially reversible, combine to
make survival exceptional, though not impossible; for
even in this group there was one survivor. This individ-
ual did not differ from the others in age, preoperative
cardiovascular status, or need for postoperative respira-
tory support.
There are established interrelationships between organ

systems which help explain both the additional hazard
created by renal failure, and the characteristic se-
quence of events during the postoperative course. Failure
of one system challenges others and improvement in sur-
vival depends on identification of points where these
cycles can be interrupted. Some of them are not con-
trollable. For example, those existing preoperatively or
occurring iintraoperatively (Fig. 3) are difficult or im-
possible to modify. Many operative factors are common
to survivors of hemorrhage, shock or trauma generally, a
few are peculiar to aneurysmal resection. For example,
aortic cross clamping may cause renovascular constric-
tion, atheromatous embolism, parenchymatous arterio-
venous shunting, and renal artery pressure changes.3
Clamp release can initiate washout acidosis, increasing
damage to already compromised renal tubules, and
possibly allow a shower of microemboli to reach the
lungs.2 Direct operative trauma to the kidney or collect-
ing system can occur, as it did in one patient in this
series; similarly, operative trauma to the pancreas or the
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inferior mesenteric circulation may set the stage for
problems later, and pancreatitis oceurred frequently.

Respiratory failure, however, was the commonest proxi-
mate cause of death. Successful resuscitation from mas-
sive hemorrhage and management of the metabolic con-
sequences of renal failure allows development of what
has been variously called shock lung, post-traumatic
pulmonary insufficienicv, or progressive pulmonary insuf-
ficiency.5 Less clearly related to operative events, its
etiology is probably mixed and possibly unknown; a long
list of factors which may share responsibility can be
made. The principal difficulty in dealing with the syn-
drome of post-trauimatic pulmonary insufficiency lies in
assessment of the relative importance of these possible
causative factors. Some are part of the resuscitation and
hence unavoidable: microembolism after aortic cross
clamping, previously mentioned, the load of embolic
material imposed bv many transfusions, and the pul-
monary vascuilar response to hvpovolemia and to vaso-
pressors which may be used in its treatment. After resusci-
tation, the lungs remain the principal target of changes
initiated by failure of other organs and of the undesir-
able effects of necessary therapy. Figure 3 shows some of
these relationships, in a necessarily abbreviated way.
Not all can be modified by present day methods but
some can. Of those influencing the lung, for example,
overhydration can be avoided or treated by early dialy-
sis. All of these patients had received large quantities
of water and sodium for initial replacement of lost intra-
vascular volume, intraoperative extracellular fluid ex-
pansion, and as a trial of volume loading when oliguria
was first noted. Large positive water balances could
be calculated at the time of admission to the intensive
care unit. Simply restricting water leads to hyper-
tonicity unless gastrointestinal losses are large: combin-
ing some water restriction with hemodialysis (massive
water removal by ultra-filtration may not be tolerated
hemodynamically) improves the chest X-ray and al-
veolar-arterial gradient for oxygen, but avoiding the early
phase of hyperhydration might be an advance. Good
principles of respiratory management are certainly
important, but obviously not the whole answer, and
need not be detailed here. Maintenance of nutrition
parenterally may be important, at least to maintain
respiratory muscle function and possibly in more indirect
ways.

Gastric mucosal ulceration, like postoperative pul-
monary insufficiency, is a standard surgical topic. Recent
reports emphasize the importance of gastric resection
in its treatment, and this series includes a patient who
rebled after pyloroplasty and vagotomy. Other than this
there was little to learn except that episodes of bleed-
ing usually occurred in association with hemodialysis,
even when regional heparinization was tightly controlled,

and that massive upper GI bleeding was a late event,
which in a setting of multiple organ system failure
might have been interpreted as marking the point at
which vigorous therapy should be discontinued.

Renal failure, once clearly established, is unlikely to
resolve before hemodialysis is required. These pa-
tients have additional loading of potassium and nitrogen
metabolites from hematoma and devitalized tissue
even where hypercatabolic nutritional requirements are
met parenterally. The objectives are to keep serum
potassium within the normal range, avoid central de-
pression, and to maintain dry lungs. The effect of
intensive dialysis on wound healing has been established
in man and animal6i 7; there is also evidence from animal
studies that dialysis can partially reverse the effects of
uremia on leucocyte function, the gastrointestinal epithe-
lium, and hematopoiesis.
The universal occurrence of profound increasing

jaundice was a distinguishing feature. Explanations are
available: a large pigment load from transfusions and
hematoma vith no renal clearance of plasma bilirubin;
splanchnic vasoconstriction in hypovolemic shock pro-
found enough to cause acute renal failure also results
in hepatocellular damage.6 In patients in whom acute
renal failure followed operations other than aneurysm
resection, where survival is more frequent, bilirubin levels
often continued to be elevated for weeks after diuresis
and return of BUN and creatine to normal levels.

Diagnoses were missed despite close observation and
frequent re-evaluation; most often they were intraab-
dominal complications: e.g., pancreatitis and sigmoid
perforation. The treatment of pancreatitis presents few
surgical options, although its frequency in this series
illustrates the truth that not all amylase elevation in
acute renal failure is due to impaired clearance. Ische-
mic necrosis and perforation of the sigmoid colon after
aneurysm resection, such as massive bleeding from stress
ulcers, carries an extremely high mortality.4 Again, this
event might in the whole setting of the patient's pre-
operative state of health, family wishes, and available
resources allow some judgment to be made concerning
the wisdom of further treatment.

Summary
Eighteen patients required hemodialysis after surgi-

cal treatment of ruptured abdominal aortic aneurysm.
Review of the clinical events and autopsy findings showed
a similar progression of organ system failure, beginning
with pancreatic to pulmonary disease, and progressing
to upper GI bleeding. A significant incidence of clini-
cally silent (or at least undetected) major intraperi-
toneal disease was also noted. The lethality of renal
failure after ruptured aneurysm is explained as a super-
imposition of pre-existing chronic cardiovascular disease
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on the mechanical and metabolic consequences of the
surgical procedure. Even though some of the mechan-
isms are well understood, their combination initiates a
cycle which is difficult to interpret: mortality for this
group of patients was greater than 907o.
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